Introduction
Flooding due to heavy precipitation is the most serious weather-related threat for the U.S. west coast. Between 1980 and 2008, four flooding events in California, Oregon, and Washington caused losses totaling more than eleven billion dollars. This paper reviews the literature regarding trends in heavy precipitation over the U.S. west coast and examines quality controlled precipitation time series from southern California through British Columbia to determine both the nature of the trends at individual locations and how the trends vary spatially. Trends in maximum daily flows from unregulated Pacific Northwest rivers are also considered. These analyses provide context for ongoing and future studies regarding trends in precipitation intensities during the next century under various greenhouse warming scenarios.
Previous Studies on Trends in Extreme Precipitation
Changes in precipitation extremes can be produced by alterations in the moisture content of the air or the circulations in which precipitation is embedded. Although some studies Ingram 2002, Pall et al 2007) have suggested that extreme precipitation will rise proportionally with water vapor content (roughly 7.5% per °C of warming), other work (O'Gorman and Schneider 2009) has noted that precipitation extremes in the mid-latitudes increase more slowly than total moisture content, with modulation by synoptic forcing and associated vertical motions also being important. Frei et al. (1998) From a hydrological perspective, Linn and Slack (1999) , examining the trends of annual streamflow between 1914 and 1993, found no trend over the U.S. west coast except for southern Oregon and northern California, where a significant downward trend was observed.
The above studies are characterized by considerable differences in the magnitude and sign of extreme precipitation trends, the periods and extreme precipitation measures considered, and the spatial variability of the trends. Nevertheless, many of these studies had elements in common. Specifically, many indicated an increase of extreme precipitation over western Washington, a decline in western Oregon and northern California, and modest increases in the remainder of coastal California. In order to appraise the significance of this pattern and to carefully study the nature of extreme precipitation trends over the west coast of North America, the present study examines the nature of extreme precipitation over the region for the period 1950 through 2009 using high quality station data and the discharge rates of major, unregulated river systems.
Analysis of Trends in Precipitation
This study makes use of precipitation records from the U.S. Historical Climate Network (USHCN) and the Canadian Daily Climate Data (CDCD) dataset. As shown in Figure 1 , a line of evenly spaced coastal or near-coastal stations was selected from southern California through British Columbia. Coastal stations are particularly useful for evaluating West Coast precipitation trends. First, the lack of upstream terrain is a substantial benefit since it removes the effects of rainshadowing and other winddependent influences on precipitation. Second, coastal stations receive little snow, and snow is often poorly measured, particularly when heavy. Finally, coastal rainfall is highly correlated with precipitation over downstream terrain, as demonstrated by correlations between coastal stations and the NOAA Unified rainfall analysis (not shown).
Each station was carefully quality controlled beginning with gross error checks.
Since accumulated precipitation is sometimes provided after a period without reports (generally due to the unavailability of manual observations), large precipitation values after multi-day periods of zero or missing precipitation were not used in this study. Each of the stations used had at least 95% availability of calendar-day precipitation totals for 1950-2009, the period of study of this work.
At each station, the extreme values of two-day precipitation totals were examined.
There are several reasons for selecting this period. For moderate to large watersheds of the mountainous west, precipitation over roughly one to two days has been suggested to 
Trends in Discharge Rates of Unregulated Rivers
Trends in heavy precipitation should be reflected in river discharge. Figure 6 shows the positions of 14 unregulated river gauges. Average daily streamflow at each river for the period 1950-2009 was used in this analysis. The decadal variation of the top 60 and 20 daily discharges for unregulated coastal or near-coastal rivers are plotted in Figure 7 for six rivers north of 45°N (northern Oregon and Washington) and eight rivers south of that latitude (northern California and south/central Oregon).
A very different decadal variation is evident in the two latitude bands for both the top 60 and 20 events. For the top 60 events, there is a general upward trend in the frequency of the highest discharges north of 45°N, with peak frequencies in the 1990s for all the rivers except the Quinault. In contrast, south of 45°N, the peak in the 1990s is absent and the maximum discharges are found during the first three decades, with a distinct and large decline in the 1980s that is maintained through the 1990s and 2000s.
For the top 20 events and north of 45°N, the peak in the 1990s is dominant; without this decade little trend is evident. South of 45°N there is dramatic decline in the number of major events in the latter three decades. The spatial pattern in maximum river discharge trends parallels that found for heavy precipitation in this work and others, with increases in northern Oregon and Washington and declines in most of Oregon and northern California.
Discussion and Summary
This study has examined trends in extreme two-day precipitation along the west Considering the large variability in precipitation trends among the various general circulation models in the above studies and their associated regional climate models, and the differences between the simulated trend distributions and the observed trend patterns found in this study and others, it is unclear whether anthropogenic global warming is the source of past spatial patterns of extreme precipitation trends along the west coast of North America. A similar conclusion based on retrospective climate simulations was made by Duliere et al. (2010) , who suggested that the coherent observed patterns in extreme precipitation trends were associated with natural variability. 
